Real-time control of aeration tank operation
I(~-
-The wastewater quality of plant influent and effluent at two plants. 1984; Peddie et al., 1990; Schon and Geywitz, 1993; Zhao, 1998) . control over DO control under anoxic or anaerobic conditions, ORP Most of this research has concentrated on the simultaneous has another significant advantage; as an indicator of the redox status nitrification-denitrification process. Although ORP control for of wastewater, ORP can comprehensively indicate many factors in COD removal has been monitored in a few research projects wastewater such as chemical oxygen demand (COD), DO, and (Charpentier et al., 1998; Yu and Lo, 1994) , the ORP and COD changes in nitrate (NO3-) or ammonium (N~ +) concentrations. In relationship in aeration tanks has not yet been thoroughly examined. activated sludge systems, many biological substances such as Moreover, because of difficulties in immobilizing individual enzymes and vitamins and most metabolic processes are redox activated sludge floc particles during measurements, little research systems and correlate strongly with ORP values. Oxidationhas been reported on the ORP of the microenvironment of activated reduction potential real.,time controls in a full-scale plant can not sludge flocs in different quality wastewaters (De Beer et al., 1998) . only provide for carbonaceous and nitrogenous material removal This research consisted of two parts. The first part was a full-scale with good performance, but they can also conserve as much as 20% study of the aeration tanks at two WWTPs in Cincinnati, Ohio: the of the energy cost (Charpentier and Florentz, 1987) . Therefore, Mill Creek Wastewater Treatment Plant and the Muddy Creek achieving ORP control in a wastewater treatment plant (WWTP) has Wastewater Treatment Plant. The purpose of the study was to economic importance.
investigate and develop strategies for ORP regulation of organic In the process of biological wastewater treatment, microbial removal from aeration tanks for wastewaters with different COD communities are retained in aeration tanks via accumulation in flocs ranges. The relationship between ORP, COD, and DO along the or aggregates. Electron acceptors (oxygen) and donors (soluble length of the aeration tanks was established based on on-site substrates) are subject to mass-transfer limitations inside activated measurements. The second part of the study involved microprofile sludge flocs. Gradients around and inside activated sludge flocs are measurements of activated sludge floc taken from these two maintained by the balance between the bacterial uptake (utilization wastewater treatment plants. With the use of microelectrodes (DO, rate) and diffusion of the compounds (renewal rate) from the bulk pH, ~ +, NO3-, and ORP), the spatial stratification of microbial solution. The removal of substrate and diffusion of oxygen from the processes inside the activated sludge floc was investigated and the proximity of the cells leads to the establishment of a patchy effects of bulk DO concentration and substrate concentration on the microenvironment characterized by several dynamic gradients microprofiles in the sludge flocs were determined. (Takacs and Fleit, 1995 (De Beer et al., 1998) , and District of Greater Cincinnati. The influent to the wastewater direct proof of the changes of spatial stratification inside activated treatment facility is composed of 70% industrial wastewater and sludge flocs in different wastewaters has not been reported. In this 30% municipal wastewater. The plant has a design capacity of study, microelectrode techniques were used to investigate the ORP 5259.6 LIs (120 mgd) flow and a peak flow capacity of 13 149 LIs status inside activated sludge flocs to verify the presence of anoxic (300 mgd). There are six aeration tanks in parallel that provide processes existing under aerobic conditions and to determine detention time and aeration for the mixed liquor. The hydraulic dynamic differences inside flocs between the aeration tank influent retention time (HRT) in each aeration tank at design flow is six hours. and effluent.
The COD and ammonium concentrations for the aeration tank Literature indicates that most ORP control research has been influent during this study were 65 to 150 mg/L and 10 to 30 mg NH3-conducted only at lab-or pilot-scale (Bertanza, 1997 habitats (Jensen et al., 1993) . For sulfur reduction in biofilms, t electrc mY. No detectable difference in water quality with depth in the a sulfide microelectrode has been developed (Kuhl and Jorgensen, l prope aeration tanks was observed. The position of measuring-sampling 1992; Yu, 2000) . Dissolved pxygen microelectrodes have been used t to thrc points along the l~ngth ~f the aeration tanks was fixed during on-~ite to measure ~e DO in th~ aforementioned microbial processes, and l Mil measurement penods, WIth 36.576 m (120 it) between each samplmg redox potential (ORP) microelectrodes were used to measure redox f made, point. Wastewater samples were taken from 1.524 m (5 it) below the status changes inside biofilm (Yu and Bishop, 1998) . :. use il water surface and 0.609 (2 it) away from the aeration tank inner wall
In this study, five microelectrodes (DO, pH, ~ +, NO3-, and t redox , to ensure that the water samples represented typical mixed ORP) were used to investigate the spatial stratification of microbial t ORP ] wastewater in the aeration tanks.
processes inside activated sludge floc from the Mill Creek and' also c The oxygen uptake rate (OUR) was measured on-site for Muddy Creek WWTPs. Microelectrodes have been developed and micro wastewater samples taken from the aeration tanks. First, 250 mL of used in our lab for more than a decade (Fu et al., 1994; Li and Bishop" and r fully aerated five-day biochemical oxygen demand (BODs) buffer 2002; Yu, 2000; Yu and Bishop, 1998; Zhang etal., 1994; Zhang and I micro solution was added to a 300-mL BODs bottle. Then, a 50-mL Bishop, , 1996 . The microelectrodes described in the following Amm wastewater sample was added to the bottle. Samples were subsections were used as working electrodes. An Ag/AgCl L NlJ continuously stirred while measuring DO to maintain consistent millielectrode (Microelectrodes, Inc., Bedford, New Hampshire; 0.1-, and representative readings. An Orion DO probe was used to monitor no. Ml 401) was used as the reference electrode throughout this" of 0 the DO levels in the mixed solution. The decrease in DO constudy. The reference electrode was placed in the solution inside the; exper centration was measured every 10 seconds until the DO dropped to upflow chamber ( Figure 1 ). i and p 0.5 mg/L. The slope of the DO concentration versus time graph was Redox Potential (Oxidation-Reduction Potential) Microelectroneces used to obtain the OUR (mg 02iL/min).
de. Oxidation-reduction potential microelectrodes were first in-I f after
Analyses of Aeration Tank Bulk Solution.
After the wastetroduced to our lab by Yu (Bishop and Yu, 1999) . The ORP calibr water sample was collected from an aeration tank, it was immediately microelectrode is a solid-phase electrode made from a platinum wire Up put into a cooler and allowed to settle for five minutes. The and low-melting-point lead glass micropipettes. It can potentio-, micro supernatant was then filtered through a glass-fiber membrane and metrically measure the oxidation-reduction potentials in solutions. keep 1 transferred to a 50-mL centrifuge vial to prevent the loss of COD The detailed manufacturing procedures can be found in Yu (2000) . ~ while after sample collection. The centrifuge vial was stored in a reDissolved Oxygen Microelectrode. The DO microelectrode is t has b, frigerator, and COD was measured on the same day of sampling the most mature microelectrode and can be made in several ways. r 1999: using the Hach (Hach Company, Loveland, Colorado) U.S. EnThe DO microelectrodes made in the authors' lab are polarographic, cham vironmental Protection Agency method 410.4 procedure. Acetaterecessed gold electrodes with tip diameters of 3 to 7 Ilm. They ~ was S Plus (GE Osmonics, Minnetonka, Minnesota) membranes (pore size measure amperometrically the DO concentrations from zero to l that c of 0.45 J.lIn) were used to filter wastewater samples to avoid the effect saturation. sample was taken from a Mill Creek or Muddy Creek WWTP aeration tank, it was immediately transferred to the lab forIl measurement. A cut pipette tip (tip diameter of 1 to 3 mm) was were modified by Fu (1993) and Zhang (1994) in our lab from those used to suck up one drop of the activated sludge sample. Then, the Irion described by Linsenmeier and Yancey (1987 electrodes, which can last longer than two years if maintained observed to be in suspension just above the nylon net in the chamber, ;en, properly, the liquid-membrane, ion-selective electrodes only last one amicroelectrode was located 1.0 mm (in distance) from the surface of sed to three days because of evaporation of the liquid membrane.
the floc particle. The position of the microe1ectrode was controlledm Microelectrode Calibration.
After the microelectrodes were using a micromanipulator. A Nikon (Tokyo, Japan) stereomicrolox made, they were each calibrated and the best ones were selected for scope, charge-coupled device camera, and color monitor were used use in experiments. The ORP microelectrodes were calibrated in to monitor the location of the microelectrode during all measuremd redox standard solution (ASTM D1498-93) (ASTM, 2003) , with ments. The microelectrode readings were recorded at 100-1lffi lial ORP ranging from 90 to 430 mV (Ag/AgCl); their performance was intervals. The chemical profiles presented were all obtained from nd also compared to a commercial Orion ORP electrode. The oxygen the same activated sludge floc under each test condition; that is, after nd microelectrodes were calibrated in saline solution saturated with air one microprofile measurement was finished, the next profile was jp, and nitrogen gases containing 0, 5, and 10% oxygen. The pH measured on the same floc. Although there is potential physical nd microelectrodes were evaluated in standard pH buffer 6, 7, and 8.
disturbance to floc during measurement, when microelectrodes ng Ammonium microelectrodes were calibrated in 1-, 10-, and 50-mg N/ penetrate the same floc a few times, the effect is negligible because Cl L N~Cl solutions, and nitrate microelectrodes were calibrated in the initial activated sludge floc is a porous entity and the diameter of re; 0.1-, 1-, and 10-mg/L NaNO3 solutions. Typically, the performance the floc particle (approximately 1.0 mm) in this study is far larger lis of ORP and DO microelectrodes was stable throughout the than that of the microelectrode tip (3 to 10 Ilffi). ae experiments. The ion-selective microelectrode (ammonia, nitrate, j and pH microelectrodes) readings tended to shift over time, so it was Results and Discussion 0-necessary to calibrate the ion-selective microelectrodes before and Oxidation-Reduction Potential, Dissolved Oxygen, and 11-after experiments; any necessary corrections were made to the Chemical Oxygen Demand Changes in Aeration Tanks at the P calibration curves (Li and Bishop, 2002 Figure 2 shows typical ORP, DO, and COD jmicroenvironment of activated sludge flocs is that it is difficult to changes along the length of one of the Mill Creek plant aerations. keep the floc particle suspended in the flowing liquid, but stationary, tanks. The blank area represents "air-on" zones, while the grayI. while the microelectrode penetrates through the floc. This problem shaded area represents "air-off' zones. The aeration tank influent is has been resolved using an upflow chamber (Ploug and Jorgensen, had an average COD of 100 mg/L and an ORP of 180 mV (Eh). Thes. '1999) . tanks. 11 mixed liquor and the substrate removal along the tank. In the second tank, wl1 three hours of treatment, the bulk-liquid ORP increase rate and the mY. Tht COD decrease rate slowed down. It was deduced that the 15 °C). Hetzler and Spielman (1995) reported that ORP readings 472 mV macrobiodegradation by microorganisms was almost complete in steadily decrease when wastewater temperatures increase. This is because the second part of the aeration tank. Microbiodegradation inside the because of the lowered wastewater oxygen-saturation capacity and Wast( activated sludge flocs continued after the first three hours of treatment the greater oxygen consumption by microorganisms brought on by plants sl and further stabilized the absorbed pollutants. Effluent COD wanner conditions. The DO concentration in wastewater can be aeration decreased to 30 mg/L and ORP increased to 349 mY, indicating reflected in the wastewater ORP values. Without sufficient DO, the did not I the effluent was in a relatively high oxidizing status. effluent still had a low oxidizing status. mg/L ar Different biodegradation styles for the microorganisms in the When the DO of the effluent was increased to 2 mg/L, ORP values nitrificat aeration tanks were derived based on the on-site experimental results, were typically higher than 270 m V. When the effluent ORP value concent which show ORP values dramatically increased during the first three was higher than 350 m V, the corresponding COD concentrations in the in hours and then slowed down during the second three hours of were all lower than 30 mg/L, even though DO ranged from 2 to increase treatment. During the first three hours of treatment, sorption and 8 mg/L. This indicated that, at higher ORP values, DO has less influeffluent; biodegradation of pollutants were dominant. The large molecular ence on ORP than it does at low ORP values. Oxidation-reduction heterotr weight and easier-to-degrade pollutants were adsorbed and biodepotential values were higher than 350 m V when COD was lower than age, con graded by microorganisms suspended in the bulk liquid and fixed 30 mg/L. Based on the on-site experimental results, the authors sug-in was inside the activated sludge floc, resulting in a significant decrease of gest that, to keep effluent COD lower than 50 mg/L and DO higher intermit pollutant concentrations in the bulk wastewater. Bulk wastewater than 1.0 mg/L, the effluent ORP should be higher than 270 mY. aeration ORP values increased accordingly. In the latter part of the aeration When both ORP and temperature were taken into consideration, plant ae tank, organic stabilization within activated sludge flocs dominated wastewater COD concentrations could be predicted accurately concent the degradation products and the adsorbed pollutants from the first (Figure 4 ). The predicted effluent COD concentration, based on the growth. three hours of treatment were biodegraded inside the activated sludge following equation that was derived from measured data on-site by effect 01 flocs. 11his latter microbial degradation process is necessary for multiple regression analysis, is in good agreement with the observed on-site ( complete stabilization of the waste. Because removal of pollutants effluent COD (R2 = 93.43%): ORP val from the bulk liq~id was almost fini~hed after the first three hours" the COD = 211.3 -0.282 ORP -3. 776T (1) 20 to 10 COD concentration leveled off dunng the second three-hour penod.
tanks; tl1 Wastewater ORPvalues slightly increased during the second three To achieve an accurate real-time prediction of water quality, mg/L (v hours (from 338 to 350 mV in the effluent), with COD concentration influence factors should be taken into consideration as much as 11his agr decreasing from 41 to 30 mg/L during the second three hours. The possible, which requires time and labor. The most effective way is with OR bulk liquor ORP values approached a stable value during the second to find predominant factors whose differences can be detected when differen three hours of treatment.
water quality or environmental conditions change. According to and Yu, The Effect of Dissolved Oxygen and Temperature on Figure 4 , ORP and temperature are two factors that can reflect oxidatio Oxidation-Reduction Potential and Chemical Oxygen Demand pollutant concentration change. As previously discussed, water wastewĩ n the Aeration Tank Effluent at the Mill Creek Plant. Figure  temperatures have an effect on the DO concentration in wastewater; 3 depicts the COD, ORP, and DO data obtained from more than half as such, temperature can indirectly affect ORP values. By Table ã year of on-site measurements at the Mill Creek plant west #1 combining ORP with temperature, the aeration tank effluent quality aeration tank effluent. The aeration tank effluent ORP values were can be predicted accurately. Flow tin below 250 mV when dissolved oxygen was lower than 1.0 mg/L, Muddy Creek Wastewater Treatment Plant. In the Muddy although effluent COD was sometimes as low as 40 mg/L. It should Creek plant aeration tank (HRT = 4.0 hours, aeration throughout the OUR of be noted that low effluent COD associated with low ORP was tank), the influent COD was 35 mg/L and the ORP was 421 mV o~~g 7 observed in the summer (T water = 23 to 27 °C), while high effluent ( Figure 5 ). As at the Mill Creek plant, bulk wastewater ORP values ('(m °c COD associated with low ORP was observed in winter (T water = 10 to increased with pollutant removal along the length of the aeration 3 more complete, leading to more stable ORP readings. The increase in !rved ORP values (the effluent ORP minus the influent ORP) can also be lures used to indicate the pollutant removal efficiency along the aeration tanks. The 00 concentration was 1.0 to 3.0 mg/L along the aeration tanks (Li and Bishop, 2001 ). tank, while effluent COD was 23 mg/L, with an effluent ORP of 472
There are a number of online indicators used with activated sludge mY. The mixed-liquor ORP values at the Muddy Creek plant (420 to systems (temperature, DO, pH), but none of them can properly dings 472 mY) were higher than at the Mill Creek plant (90 to 370 mY) indicate the water quality present (i.e., how much contaminant is his is because of the much lower Muddy Creek wastewater COD. present in the wastewater) and the treatment efficiency (i.e., how yand Wastewater ammonia and nitrate measurements from these two much contaminant has been removed). Compared with these >n by plants showed that minimal nitrification occurred in the Mill Creek parameters, use of ORP is appealing because it reflects most of the In be aeration tanks (ammonia concentrations in the influent and effluent biochemical reactions involved in the wastewater, and has been ), the did not change, with effluent ammonia concentrations still 15 to 24 shown to have a strong correlation with COD concentrations in the mg/L and effluent nitrate concentrations of 0.1 to 0.2 mIL), while aeration tanks. However, it should also be noted that ORP alone is not alues nitrification did occur in the Muddy Creek plant (the ammonia sufficient for accurately predicting waste quality; to realize optimal value concentration decreased along the aeration tanks, from 10 to 18 mg/L online regulation, ORP should be correlated with the temperature, tions in the influent to below 1 mg/L in the aeration tank effluent; nitrate pH, or DO present. 2 to increased from 2 to 4 mg/L in the influent to 5 to 15 mg/L in the Oxygen Uptake Rate Changes in Aeration Tanks. Oxygen nftueffluent). Because nitrifiers have a much lower growth rate than uptake rate is used to indicate the potential for oxygen consumption :tion heterotrophs, the degree of nitrification often depends on the sludge by microorganisms in mixed liquor. The higher the OUR, the greater than age, contaminant concentration (Table 1) , and oxygen concentration the rate at which microorganisms consume oxygen. When aerobic sugin wastewater. The higher contaminant concentration, use of biodegradation is finished, the OUR decreases accordingly. Table 2  gher intennittent aeration, and short sludge age in the Mill Creek plant shows the OUR changes and pollutant removal along the aeration , aeration tanks inhibit the nitrifiers' growth, while the Muddy Creek tanks in the two WWTPs. In the Mill Creek plant, the influent OUR tion, plant aeration tanks have a suitable environment (low contaminant was 3.76 mg DO/L/min, dropping quickly to 1.81 mg/L/min when ltely concentration, constant aeration, and long sludge age) for nitrifier the air-on zone began after one hour. This means that when the air-on the growth. Oxidation-reduction potential values represent the general zone began, biodegradation accelerated, leading to a rapid pollutant : by effect of most biochemical reactions occurring in wastewater. The concentration decrease and a corresponding OUR decrease. ved on-site experimental data show that COD has a prominent effect on Compared with the dramatic OUR decrease in the first part of ORP values, with ORP ranging from 150 to 380 mV when COD was treatment, the OUR stabilized in the last three hours of treatment. The '(I) 20to 105 mg/L (without nitrification) in the Mill Creek plant aeration OUR of the effluent was 1.15 mg/L/min. In the Muddy Creek plant, tanks; the ORP ranged from 410 to 490 mY when COD was 15 to 35 with its lower wastewater pollutant levels, the OUR was much lower ity, mg/L (with nitrification) in the Muddy Creek plant aeration tanks. and dropped gradually from 1.20 mg/L/min to 0.57 mg/L/min along as This agrees with previous research indicating that nitrification occurs the aeration tank. The OUR can affect oxygen transfer in thẽ is withORPvalueshigherthan 360m V (Wareham and Hall, 1993 ) and boundary layer outside activated sludge floc particles and inside len different kinds of bacteria dominate at different ORP ranges (Bishop the sludge floc. This will be discussed next while considering the to and Yu, 1999 (October 10,2000) .
sludge floc In the Mill Creek plant (October 10, 2000) . sludã ctivated sludge aggregates used in this study were 1.0 to 1.4 mm. bulk water, the anoxic region was limited to only 0.3 mm in the l . Themicroprofiles ofORP, DO, pH, N~ +, and NO3-as functions of activated sludge floc center (Figure 7) . Because of the lower oxygen: Ill1cro] distance from the surface of the activated sludge floc from the utilization rate compared to the influent, oxygen penetrated deeper Mudd aeration tank influent at the Mill Creek plant are plotted in Figure 6 . into the aggregate. The COD in the bulk wastewater deceased to 56 :4 m! All the data were obtained from a steady-state condition in the floc. mg/L, with an ORP value increasing to 331 m V. The ORP value mfluel The data present~d in this paper are not the average values for the floc dropped to 223 m V at the center of the floc. Although ammonia 0.5 m! particles; rather, they represent one typical profile among multiple penetrated the sludge, minimal nitrification occurred. The bulk The r: measurements. Theoretically, when considered as a sphere with water nitrate concentration was still less than 0.1 mg/L. Based drama uniform mass distribution, the microprofiles inside the activated on microelectrode measurements, the sludge floc from the Mill tank. 1 sludge floc should be symmetrical. However, a few of the Creek plant aeration tank was rich in substrate but low in oxygen. by the experimental profiles were not symmetrical. Possible reasons for
The oxygen-limiting conditions adversely affected substrate bioth~ bui this are that (1) an activated floc is a metabolically active entity with degradation.
~Ill C numerous biochemical reactions and mass-transfer operations
In a sample taken on another day, when the effluent DO increased I~ the occurring at the same time, which may lead to a nonuniform to 4.0 mg/L, the oxygen profile demonstrates that oxygen fully higher distribution of mass inside sludge floc; or (2) the floc particle was not penetrated the floc (Figure 8 ). The DO concentration was 0.56 mg/L occurr strictly spherical or the lower part of floc was compressed by the in the center region. The ORP decreased from ~68 m V in the bulk waste, weight of the upper part of the floc. wastewater to 252 mV in the floc center. The COD of the bulk floc:. The COD in the bulk wastewater from which the floc particle was wastewater decreased to 42 mg/L. With sufficient dissolved oxygen derntn taken was 123 mg/L, with an ORP value of 246 m V and a DO present inside the activated sludge floc, the sorbed particulate f by .ael concentration of 0.58 mg/L (because of the air-off zone in the substrate was efficiently biodegraded. Accordingly, the ORP value in r actlvat beginning part of the aeration tank). The oxygen concentration the core of the floc was higher than at a DO concentration of 1.5 mg/ f In tJ profile seen in Figure 6 demonstrates that DO began to drop quickly L. I decrea f at 0.5 to 0.6 mm above the surface of the activated sludge floc (the Ammonia concentrations in both the influent and effluent samples aggreg diffusion zone). Oxygen was depleted in the top 0.2 mm into the remained basically the same inside and outside the activated sludge decrea. influent activated sludge floc particle. The aerobic zone was limited floc, while all the other parameters (nitrate, pH, ORP, and DO) ~g~ ] to the top layer of the floc, and the rest of the sludge floc was anoxic. underwent a decrease inside the floc because of transfer resistance mdlcat The ORP profile shows that ORP values dropped dramatically, from and microbial biodegradation. The ammonia fully penetrated the The 0 246 m V in the bulk water to 68 m V in the sludge center, indicating activated sludge floc because of the minimal nitrification occurring, w~s ae a significant change in redox status. The reasons for the low ORP as evidenced by the bulk wastewater analyses. with a values and the sharp depletion of DO inside the floc are the high Activated Sludge from the Muddy Creek Plant Aeration Tank. centrat pollutant concentrations in the wastewater, the high oxygen The effect of COD concentration in bulk liquor on the ORP and DO utilization rate (Table 2) , mass-transfer resistances, and DO consumption during the biodegradation of encapsulated pollutants 6 400 0 1.0 40 2.0 within the floc (Takacs and Fleit, 1995) . The pH dropped inside the 0;8 1. The DO decrease rate inside the sludge floc particles was not as also investigated. The COD of the effluent was 18 mg/L, with an ed dramatic as in the activated sludge floc from the Mill Creek aeration ORP of 430 m V. The DO concentration was 7.6 mg/L in the fully [ill tank. This is the result of the lower OUR (Table 1) , which is caused aerated bulk wastewater. Figure 11 shows that oxygen penetrated :n.
by the lower pollutant concentration in the wastewater. The ORP in throu~hout the activated sludge floc and was higher than 5 mg/L, iothe bulk wastewater was 389 m V, which was even higher than in the even In the center zone. mg/L in the bulk wastewater to 0.8 mg/L in the floc center, which is influenced by many factors, such as hydraulic condition, biomass, :e indicates the low oxygen utilization rate by the microbial processes. extra poly~eric substances, metabolic byproducts, substrate, and so Ie
The ORP was 387 mg/L in the floc center. The whole floc particle o~ (AbbasI et al., 2000) . A possible reason for the difference in floc g, w~s aero~ic and in a high redox status. Nitrification proceeded well, SIze at th~ two plants is that, because of the higher contaminant With a nItrate concentration of 16.5 mg/L and an ammonium conconcentratIon, oxygen could not penetrate as far inside floc from the to centration of less than 1 mg/L in the effluent. Mill Creek plant and biodegradation activity was lower, thus causing the accumulation of substrate and metabolic byproduct inside sludge floc. This has been predicted by activated sludge model simulations (Li and Bishop, 2002) . To verify this assumption, further analysis of 2.0 500 8.6 40 5 the composition of activated sludge floc needs to be done 1.6 8.6 . 
